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SUMMAJn 


An investigation was made of a 10.7~p9i'’<^eiit-thic!: s^anraotrical 
tail section equipped with a flat-side 0.40 airfoil-chord flap 
having a 0.333 flap -chord overhang and a plain 0.20 flap -chord tah- 
Airfoil lift, di-ag, pitching-moraont, and flap and tab hinge -Koriient 
charac'beristics were determined at various flap and tab deflections 
with the control -sui’f ace nose gaps sealed and unsealed. 

The results of the tests indicated that sealing the tab nose 
f;ap generally increased the flap lift effectiveness and the tab 
hinge -moment effectiveness. Sealing the flap nose gap increased the 
rate of change of section lift coefficient with both section angle 
of attach and flap deflection 5p, negatively increased the 

rate of change of flap section hinge -moment coefficient c}i^ with 
both Oq and 5f at a 0° angle of attack and flap deflection, 
eliminated sharp irregularities in the variation of 0 ];^^ with cxc, 

and greatly reduced all but the miniraum values of section drag 
coefficient at all flap deflections tested. TVhen the flap was 
deflected beyond the angle at which the flap leading edge unported 
from the airfoil contour, sudden decreases of lift and large increases 
of flap and tab hinge moments occurred throu(^ a liriiited range of 
angle of attack. The effectiveness of the tab in reducing the flap 
hinge moments \re.s large up to a tab deflection of 10° but decreased 
appreciably at larger deflections of the tab. 
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IWTEOEUCTION 


Flight tests of conventional symmetrical tail surfaces made by 
the Douglas Aircraft Company, Inc., indicated that flat-side 
elevators and rudders were less subject to air-flow -ccnditlons 
causing undesirable control— surface oscillations thari were control 
surfaces of true-aii'foil contour (reference 1). In order to 
determine other aerodynamic characteristics of a tail section 
equipped with a flat— side control surface, an investigation was made 
of a two-dimensional model in the Leingley two-dimensional low- 
turbulence pressure tunnel. 

The model was equipped with a 40-percent-airfoi 1-chord flap 
designed for use as a rudder or an elovator and having a 20 -percent 
flap-chord tab. The tests included the determination of airfoil 
section lift, drag, and pitching moments, and flap and tab hinge 
moments for configurations with the flap and tab nose gaps both 
sealed and unsealed. 


COEFFICIENTS AND SYMBOLS 
Cj section lift coefficient (l/qc) 



increment of c^ due to flap deflection 

Cd 

section drag coefficient (d/qc) 


^“c/4 

section pitching-moment coefficient about quarter-chord 
point (m/qc2) 

chf 

flap section hinge-moment coefficient 

(hf/qcp2) 

°^t 

tab section hinge-moment coefficient 

(ht/qct^) 

where 



1 

lift per unit span 


d 

drag per unit span 
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m quarter- chord pitching moment per vinit span 

flap hinge moment per unit span; positive when trailing 
edge of flap tends to deflect downward 

h^ tah hinge moment per unit span; positive when trailing 

edge of tah tends to deflect downward 

c chord of airfoil with both control surfaces neutral 

c^ chord of flap behind flap hinge axis 


^t 


<1 


V 

P 

and 



8 ^ 

X 


chord of tab behind tab hinge axis 


free -stream dynamic pressure 



free -stream velocity 
free -stream density 


section angle of attack 

flap deflection with respect to airfoil; positive when 
trailing edge is deflected downward 

tab deflection with respect to flap; positive when 
trailing edge is deflected downwsjrd 

chord of overhang balance from flap hinge axis to balance 
leading edge 


R Reynolds number 
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C| 




hA 




'0/ 6t 

^Ch.X 


fS4> \85f 




1 - V854 


measured at = 


0 and 


= 0 


^hf> ^ 





St 



\ / 

S-t 


measixred at = 0, 5+-> = 0, and 6^ = 0° 



The sutscripta following tlie partial derivatives denote the 
variables held constant when the partial derivatives are taken. 
The derivatives are obtained at = 0*^, and 5^ = 0° 

except as noted. 
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MODEL 


The profile of the airfoil tested was formed hy modifying an 
NACA 0012 airfoil in such a manner as to provide flat-side control 
surfaces behind the hinge axes. A sketch and photograph of the model 
are presented as figures 1 and 2. The modification to the NACA 0012 
profile consisted of extending the airfoil chord 12 percent and 
drawing straight lines from the extended trailing edge tangent to 
the airfoil surfaces. Extension of the airfoil chord effectively 
reduced the maximum thickness of the airfoil to 0,107c and moved the 
position of maximum thickness forward to approximately 0.27c behind 
the airfoil leading edge. Ordinates for the airfoil are given in 
table I, The fJap of 0.40c had an overhang type of aerodynamic balance 
of 0.333Cf and was equipped with a plain 0.20c£> tab. The ordinates 

for the flap nose shape are given in table II. 

The model had a 24-inch chord and was constructed of laminated 
mahogany with the exception of the tab, which was constructed of 
dural. The model surfaces were sanded with No. 400 carborundum 
paper to aerodynamic smoothness. Thin rubber "curtains" and modeling 
clay were used to seal the flap gap and the tab gap, respectively. 


APPAEATUS AND TESTS 


The model was mounted horizontally in the 3— foot hy 7^ -foot 

test section of the Langley two-dimensional low-turbulence pressure 
tunnel, A manometer arrangement, which Integrated the pressures 
along the floor and ceiling of the tunnel test section, was used 
to measure lift, and t.he wake survey method was used to measure drag. 
Airfoil pitching moments were measured with a torque-tube balance, 
and control-surface hinge moments were measured with electrical 
resistance strain gages. 

Tests of the model were made at a Reynolds number of 6 x 10^ 
and a Mach number of not greater than 0.11, Airfoil lift, drag, find 
pitching moments and flap and tab hinge moments were measured through 
a range of flap and tab deflection. The model was tested with the 
flap and tab gaps sealed and unsealed in the following combinations: 

(1) flap gap and tab gap unsealed; (2) flap gap unsealed, tab gap 
sealed; (3) flap gap sealed, tab gap unsealed. Tab hinge moments 
were not obtained with the tab gap sealed because of the large friction 
of a tab seal. Airfoil lift and control— surface hinge moments were 
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measured at a Psynolds nuirfcer of 2.5 X 10^ as well as 6 x lO^ for 
Che neutral position of the flap and tab vitli both gaps unsealed. 

Tiie Mach nomber at Eeynolds mmbers of 2.5 X 10^ and 6 X 10*^ was 
essentially the same. 


aOEKECTIOTIB .AIID ACCUPACY OF jyR^3URaMEIOTS 

The follca'fing factors were used to correct the timnel data to 
free-air conditions: 


cj = 0.9780^' 
C;, = 0.993c^’ 

CL vx 


= 0 . 993 c, 




= 0.993cj,J 


XLo 

X 


"ht = ^-993cv, ’ 


a, = 1.015a,,' 


where the primed quantities represent the values measured in the 
tunnel (reference 2). An additional correction to the moment 
coefficients duo to a distortion of the pressure distribution over 
the airfoil caused by the tunnel bomidaries was not applied inasmuch 
as the exact shape of the additional loading due to this distortion 
is not toiOTTn. Approximate calculations, however, indicate that the 
additional correction to the va.lucs of the moment coefficients ar^e 
probably in the order of O.COAc^* , O.OCpCj^', ‘and O.OOSc^* for the 


values oi 


"m, 


•cA^ 




and 


O 


respectively. 


From a consideration of the test oquiiment and the scatter of 
chock runs, the precision of the data is 0 Etim£.tcd to be as follows: 
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At moderate values of Cj 
and low flap deflections 

At values of near stall 

Oo 

±0.05° 

+0.05° 

Cl 

±.005 

±.015 

Cd 

±.0001 

+.0005 


+ .001 

±.005 

Ch^ and Ch^ 

.. _J 

+ .001 

+,005 


EESUI.TS AND DISCUSSION 
Lift 


A euminary of the lift parameters C7 , Ci , and is 

a f 

presented in table III for each of the nose gap conditions tested. 

The basic section lift data for various deflections of the flap and 
tab and for the control— sui^face gape sealed and unsealed are presented 
in figure 3» 


Sealing the tab gap increased the rate of change of section 
lift coefficient Cj with flap deflection from O.O66 to 0,070 

and had no effect on the rate of change of section lift coefficient 
with section angle of attack. As a result, the flap effectiveness 
parameter increased from O.7O to 0.74* With the tab gap open, 

sealing the flap gap incr^aed Ci from O.O66 to O.072 but a 

5f 

corresponding increase in c, from 0.095 to O.lOh prevented any 

‘'a 

appreciable change in the effectiveness parameter. The principal 
benefit resulting from sealirg the flap gap, therefore, is an increase 

in the c ontrol— fixed stability caused by the increase in Ci . 

a 

In order to show the effect on lift effectiveness of xlap 
deflection and flap gap at high flap deflections, the increment of 
section lift coefficient /icj due to flap deflection is plotted 
against 5^ in figure h at section angles of attack of 0°, ±2°, 
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±6®, and +10*^, Th© flap effectiveness decreases as a result of 
alr-flov separation over the flap at section angles of attack 
greater than approxlmate3jr 2° when the flap deflection is equal to 
or greater than 20°^ the angle at which the flap leading edge unports. 
Such a flight condition in which th© angle of attack and control” 
surface deflection may be of like sign might occur, for example, 
for a vertical tall section during flight with asjTnnetrlc power 
Less serious losses of lift due to unporting of the flap leading edge 
occur when the section angle of attack is Increased in opposition to 
th© flap deflection. This combination of control— surface deflection 
in opposition to the angle of attack would perhaps occur for an 
©levator during landing or for a rudder during sideslip. 

A comparison of figures L(a) and 4(b) shows that sealing th© 
flap gap reduces th© values of at positive section angles of 

attack throughout th© complete range of flap deflection tested. At 
negative section angles of attack the values of were 

generally greater with the flap sealed than with the flap vinsealed 
except at a flap deflection of 30*^ in which case the values of 

were greater for th© flap unsealed at section angles of attack of 
-6° and -10°. 

A noimal scale effect on th© lift characteristics of the airfoil 
with both control surfaces neutral and tinsealed results from a change 
in Reynolds number from 6 x 10° to 2.5 x 10° as shown in figure 5» 


Hinge Moments 

Flap and tab section hinge— moment coefficients are plotted 
against airfoil section angle of attack Cq for various deflections 

of the flap and tab in figures 6 and 'J, respectively. Large Increases 
of flap and tab hinge moment occurred through a limited range of angle 
of attack when the f.lap was deflected beyond the angle at which 
th© flap leading edge unported from the airfoil contour. A summary cf 
values of important hinge-moment parameters is given in table III. 

Sharp irregularities in the variation of cjj^ with occurred 

at a zero flap deflection with the flap gap open (figs. 6(a), 6(b), 
and 6(e)). Subsequent tuft observations showed that the irregu- 
larities were caused by a rapid thickening of th© boundary layer 
over on© surface of th© flap when a flow of air is induced through 
the flap gap as the angle of attack is changed. With, both control 
surfaces neutral the asymmetry in th© angle of attack at which these 
irregularities occur is probably caused by the air flow through the 
flap gap at low angles of attack. Sealing the flap gap eliminates the 
irregularities in the hinge-moment characteristics as shown in 
figure 6(g). 
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Sealing the flap gap or the tah gap negatively increases the 
values of *^^f6 ’ ^ table III and 


figs. 6 and 7,) 


■^f "a 
The values of 


li_ given in table III for the flap 


gap unsealed were .mstisured at a section angle of attack of 0® and 
may be (jue8t3.0LEble beoausa of the Jogs in the hinge-moment curves. 

The results of pre'/lous InveS'ti-gations of conventional airfoils, 
hoirever, have also indicated a tendency for the values of the hinge— 
Kiiiiient parameters c^^ and c^g to become more negative as the 

control-surface gap Is decreased (reference 3)» The data of 
figures 6(a) and 6(g) show that at moderate angles of attack, ho^J'ever, 
the rate of change of with oq is less negative for the flap 

^p sealed than for the flap gap unsealed. 


A measure of the effectiveness of the tab in inducing flap hinge 
moments is the rc.te of cliange of flap deflection with the tab 
deflectJ.on req.uired to balance the ijicroment of flap hinge mcanent 
caused by the flap deflection at a constant angle of attack. This 
parameter 6fg indicates that the smaller the tab deflection required 

to balance the^lncrement of due to a given flap deflection, the 

greater is the tab hinge-moment effectiveness . Curves of the flap 
deflection against the tab deflection required to maintain a flap 
Bectloii hinge-mcanent coefficient of 0 are plotted in figure 8 at 
angles of attack ranging from —8® to 8® for the flap and tab gaps 
unsealed. In addition, the variations of 6^. with 5^ through a 
range of angle of attack from 0° to 8° are plotted for the tab-gap- 
seoied condition. The curves of figure 8 were obtained by interpolation 
and extrapolation of the basic flap hinge-moment data presented in 
figure 6. 


The value- ofl 6^^ at -a section angle of attack of 0® for both 

■ control— surface gaps unsealed is equal to I..83 for tab deflections 
between 0° apij -10°. The tab hinge-moment effectiveness at positive 
flap deflections is greater for negative th<\n for positive angles of 
attack as shown in figure 8- and is caused by a greater tendency for 
the air flow to separate over the upper surface of the flap at positive 
angles of attack. The tab hlnge-moa«^nt effectiveness decreases 
appreciably at tab deflections greater than-— 10° for all angles of 
attack for which data are available. Sealing the tab gap Increases 
the rate of change of Oj. with 6^ an average of.lU percent at 
angles of attack from 0° to 8°. The effect of the flap gap on the tab 
hinge-moment effectiveness was not determined. 


The effect of a change In Eeynolds number from 6.0 x 10 to 
2,5 X 106 on the flap and tab hinge-moment characteristics is shown . 
in flgiire 9 for both control surfaces neutral and unsealed. 
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Pitching MoEents 


Section pitching -moment coefficients are plotted against 
section lift coefficients in figure 10 for hotli control gaps 
vtnsealed and for the flap gap sealed witli the tah gap unsealed. 
Sealing the flap gap had no appreclahle effect cn the value of 




(table ill) or on the value of c as can he seen from a comparison 


me 


of figures 10(a) and 10(c). 
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Drag 

Drag cha,ra.oteristics of the airfoil vith the control-surface 
gaps sealed ar?d unsealed ai'e presented in figure 11 for various 
deflections of the flap and tah. I'fhen a flov of air througli the flap 
gap was induced at small angles of attach^ a large increase in section 
di-ag coefficient occurred (fig. 11(a)). With both control surfaces 
neutral, the 'sudden increases in drag were asymmetrical about zero 
lift but corresponded to the angles of attack at which the irregularities 
in the flap section hinge-moment coefficients occurred. When the flew 
of air tlirougli the flap gap was eliminated with a seal, the section 
drag coefficients wore symmetrical about zero lift for the neutral 
position of both control surfcces and a large dGcroaso in all but the 
minimum values of was obtained at all the flap defloctions tested. 

Tlie value of the minimum section drag coofficient fox- both control 
surfaces nouti’al was O.OO 7 I for the flap gap unsealed and I’emained tho 
same fox’ tiio flap gap scaled. Scaling the tab gap generally decreased 
the section drag coefficients slightly, althou^ a largo increase in 
drag was still caused by the air flow through the flap gap. 


SUimAEI OF DESTILTS 


The following results were obtained from the two-dimensional 
wind-tunnel investigation of e. 10 . 7 -percent- thick sj-mmetrical tail 
section equipped with a 0.40c flap having a 0.333Cf overhang and 
a 0.20c^ tab. 

1. Sealing the tab nose gap generally Increasecx the flap lift 
effectiveness and tab hinge-moment effectiveness. 


2. Sealing 'the flap gap 

(a) increased the rate of change of section 
lift coefficient with both section angle of attack ct^ 
and flap deflection 6^ 
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(b) negatively increased the rate of change of flap 
section hinge-cioment coefficient c^^, with both o-q and 5p 

at a 0° angle of attack and flap deflection 

(c) eliminated shaip) irregularities in the variation 
of chp with Cq 

(d) greatly reduced all biit the minimum values of section 
drag coefficient at all flap deflections tested, 

3. Sudden decreases of 3.ift and large increases of flap and tab 
hinge moment occux'red through a limited range of angle of attack when 
the flap was deflected beyond the angle at ■'.rhich the flap leading 
edge unported from the aii*foil contoui’. 

4, The effectiveness of the tab in reducing fJnp hinge moments 
was large up to a tab deflection of 10® but decreased appreciably at 
larger deflections of the tab. 


Langley Memorial Aeronautical Laboratory 

National Advisorj’’ Coi!im3.ttee for Aeronautics 
Langley Field, Va. , December 20, 1946 
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TABIE I 


ORDINATES FOR 10 . 7 - PERCENT -THICK TAIL SECTION 


[Stations and ordinates given in 
percent of airfoil chord] 


Symmetrical section 

Station 

Ordinate 

1.116 

1.691 


2.355 

h,h^h 

5.174 

6.700 

3.750 

8.950 

4.181 

15.390 

4.772 

17.860 

5.125 

22.520 

5.504 

26.780 

5.559 

33.710 

5.181 

44 . 6 iio 

4.726 

53.570 

4.074 

Straight taper 

100.000 

0 

L.E. radius 

l.J +10 


TABLE II 


ORDINATES FOR FLAP NOSE SHAPE 


[stations and ordinates given 
in percent of movable 
surface length measured 
from overhang L.E. to 
airfoil T.E.] 


Symmetrical shape 

Station 

Ordinate 

1.25 

5.64 

2.50 

4.94 

5.00 

6.57 

7.50 

7.13 

10.00 

7.42 

15.00 

7.42 

20.00 

7.04 

100.00 

0 

L.E. radius 

• 5.5 
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SECTION PAKii;<iETEHS MEASURED AT ttQ = 0°, 6^. = 0°, AND 6^ = 0° 


TExcept as noted] 


Control-surface 
nose gap 




0 

p 

chf 

^t 

(1) 




(2) 

Flap unsealed 
: Tab unsealed 

0.095 

0.066 

0.70 

-0.0030 

-0.0045 

1.85 

-0.0001 

-0.0089 

-0.0009 

-0.0091 

h 

i Flap unsealed 
Tab sealed 

.095 

.070 

• 7U 

-.00140 

- . 0048 

2.09 





Flap sealed 
i Tab unsealed 

j 

.lOk 

.072 

.69 

-.00^5 

-.0050 

— 

-.0018 

— 

-.0019 

-.0091 


^ Measured at 
^ Measured at cj 


0° and = 0. 

0, 6f = 0°, and 6^ = 0°. 
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Figure 1.- Sketch of 2l|-lnch-chord 10. 7-percent -thick symmetrical tall section. 
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Figure 2.- Photograph of 10.7-percent-thick symmetrical tail section with a 

0.40c flap having a 0.333Cf overhang and a 0.20cp tab. 8f = 20°, 8^ = -20°. 
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DO 
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(a) Flap and tab gaps unsealed; 6t = o“. (b) Flap and tab gaps unsealed; 6* = -10°. 

Figure 5.- Lift characteristics of the IO.7- percent -thick synanetrloal tall section with a O.l+Oc flap having a O.jjjcf overhang 

and a 0.20cf tab. R = 6 x 10^ (approx.); tests ^ TDT 76I and 765. 
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Section angle of attack, Cq, deg 


(c) Flap and tab gaps unsealed^ 6^ = -15°* 


Fi gure 3 . 


Section lift coefficient 



(d) Flap and tab gaps unsealed; 6^ 


o o 

-20 and 10 . 


Continued 


Fig. 3c ,d NACA TN No. 1228 



(e) Flap gap unsealed, tab gap sealed; 
6t = 0° and 10°. 



(f) Flap gap unsealed, tab gap sealed; 
= -10°, - 15 °, and -20®. 


Figure 3 


Continued 


NACA TN No. 1228 Fig. 3e,f 


Fig. 3g 
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Section angle of attack, Cq, deg 
(g) Flap gap sealed, tab gap unsealed; 6^ = 


Figure 3 


Concluded 





Increment of section lift coefficient, Ac^ Increment of section lift coefficient 
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Fig. 4 



0 4 8 12 16 20 24 28 52 

Flap deflection, deg 


Ca) Flap and tab gaps unsealed. 



Flap deflection, 6^, deg 


(b) Flap gap sealed, tab gap unsealed. 

Figure 1 +.- Variation of Acj with 6f at constant Cq for the 10. 7-percent- thick symmetrical 
tall section with a O.^Oc flap having a 0.533Cf overhang and a 0.20c^ tab. R = 6 x 10^ 

( approx . ) • 


Section lift coefficient 


Fig. 5 
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Figure 5 .- Scale effect on lift characteristics of the 10.7-percent- 
thick symmetrical tall section with a O.IiOo flap having a 

overhang and 0.20Cf tab. Flap and tab gaps unsealed; 

6f = 0°; 6 ^; = 0°; test, TDT 76 I. 


Flap aectlon hinge-moment coefficient, c^^ 
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Fig. 6a 



(a) Flap and tab gaps unsealed; 6^ =0°. 

Figure 6.- Hinge-moment characteristics of a 0.1;.0c flap having a 0.355Cf overhang and 

a 0.20cjp tab on the 10. 7-percent -thick symmetrical tall section. R = 6 x 10^ 
(appro:x.); tests, TDT 7ol and 765. 


Flap section hinge-moment coefficient, c^ 


Fig. 6b 
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(b) Flap and tab gaps unsealed; 6^^ = -10°. 


Figure 6 


Continued 


Flap section hinge-moment coefficient 
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Fig. 6c 



Section angle of attack, Cq, aeg 

(c) Flap and tab gaps unsealed; 6^. = -15° • 
Figure 6 


Continued 


Flap section hinge-moment coefficient, c^^ 


Fig. 6d 
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(d) Flap and tab gaps unsealed; = -20 and 10 . 

Figure 6 Continued. 


Flap section hinge Hnoment c :>efflclent, 
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Fig. 6e 





Section angle of attack, a^, deg 
(e) Flap gap unsealed, tab gap sealed; 6^ = 0° and 10°. 


Figure 6 Continued. 






Flap section hinge-moment coefficient, 
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Fig. 6f 
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Section angle of attack, Oq, deg 

(f) Flap gap iinsealed, tab gap sealed; 6t = -10°, -15 , “20 . 

Figure 6 •“ Continued. 
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Fig. 6g 



(g) Flap gap sealed, tab gap unsealed; 6^ = 0®. 
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(a) Flap and tab gaps unsealed; 6 ^ = 0°. 

Figure 7«- Hinge-moment characteristics of a 0.20Cf tab on a O.iiOc flap having a 
0.555cf overhang on the 10. 7- percent-thick symnetrlcal tall section. 

R = 6 X 10^ (approx.); testa, TDT 76 I and 765 . 





Tab section hinge-moment coefficient. 



Figure 7 *“ Continued 
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Fig. 7d 
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Section angle of attack, ao, deg 

Flap and tab gaps unsealed; 6^ = -20° and 10°. 
Figure 7 •- Continued. 
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Fig. 7e 



Figure 7 


Concluded 









Fig. 8 


NACA TN No. 1228 



Flap section hinge -moment coefficient 


NACA TN No. 1223 


Fig. 9a 



Section angle or artacK, ueg 


(a) Flap hinge-moment characteristics. 

Figure 9 .- Scale effect on hinge-moment characteristics of a O.iiOc flap and a 0.200^* tab 
on the 10. 7- percent- thick symmetrical tall section. Flap and tab gaps unsealed; 

6 f = 0°, 6 t =00; test, TDT 76 I. 
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(b) Tab hinge -moment characteristics. 
Figure 9 Concluded. 
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Fig. 10 



Figure 10.- Pitching-moment characteristics of the 10.7-percent-thick symmetrical tall section with 
a O.liOc flap having a overhang and a 0.20cf tab. R = 6 x 10^ (approx.); tests, TDT 753 

and 76U* 
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Fig. 11 
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(b ) Flap gap sealed, tab gap unsealed; 6t = 0°. 


Figure 11.- Drag characteristics of the 10. 7- percent-thick symmetrical tall section with a 
0.1|0c flap having a 0.555Cf overhang and a 0.20cf tfeb. R = 6 x lO^ (approx.); 
tests, TDT 755, 755, and 765. 


